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SECTION 1

INTRODUCTION

1-1, PURPOSE,

1-2. This manual provides a description of the boilerplate spacecraft configura-
tion used for the high dynamic pressure abort test. (See figure 1-1.) Boilerplate
modules economically simulate flight rated modules for test purposes, incorpor-
ating only the structures and systems required for a particular test. These
modules are combined to form spacecraft configurations for selected tests. Each
spacecraft configuration is described in a separate manual,

1-3, SCOPE OF MANUAL,

1-4. A physical description of the overall spacecraft and its major components
(modules) is provided in illustrative, textual, and tabular forms. System operation
is described in text, tables, and diagrams. Sufficient detail is provided to identify
the configuration of the flight test article and to differentiate it from spacecraft
used in subsequent flight tests. This manual is system oriented with emphasis on
system configurations intended for use in ultimate spacecraft (flight-rated
systems). Research and development (R&D) systems are treated in gross terms,
and, in the case of customer furnished equipment, reference is made to customer
documents for detailed information. Two of the flight rated systems, the launch
escape system and the earth landing system, are used in boilerplate 12. The
operations of these systems are covered in separate sections of this manual.

1-5. ARRANGEMENT OF MANUAL.

1-6. This manual is divided into four sections. This section contains information
relative to the manual only and includes references to supplementary documents.
Section II contains a physical description of the complete flight test article and
operational descriptions of equipment other than the launch escape system (LES)
and earth landing system (ELS). A brief description of the launch vehicle, Little
Joe II, is included. Sections III and IV provide an operational description of the
launch escape system and the earth landing system, respectively.

1-7. SUPPLEMENTARY INFORMATION,

1-8. Table 1-1 is a list of documents containing supplementary information for
boilerplate 12,
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Table 1-1. Supplementary Documents
Number Title Contents
SMZ2A-02 |Spacecraft Familiarization | Description of all spacecraft systems in
gross terms
SMZ2A-05 [ Transportation and Handling | Instructions for handling, packaging,
Procedures packing, shipping, transporting, and
storing the Apollo spacecraft for boiler-
plate 12 and its associated ground
support equipment
SM3A-201| Transportation and Handling| Maintenance procedures for transporta-
Equipment Maintenance tion and handling equipment
Data Sheets
SM3A-202| Auxiliary, Checkout, and Contains maintenance instructions in
Servicing Equipment data-sheet form for noncomplex end-
Maintenance Data Sheets item equipment
SM3A-203| Command Module Substitute | Instructions for field level maintenance
Unit, Model A14-002 of the equipment. Interfaces with GSE
electrical checkout equipment for check-
out of the command module intermodule
system
SM3A-205| Radar Transponder and Physical and functional descriptions and
Recovery Beacon Checkout | maintenance procedures consisting of
Unit, Model C14-112 functional tests and repairs
SM3A-215| Data Recording Group, Physical and functional descriptions and

Model C14-020, and Signal
Conditioner Console,
Model C14-135

maintenance procedures consisting of
functional tests and repairs

1-3
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Table 1-1. Supplementary Documents (Cont)
Number Title Contents
SM4A-201]| Launch Escape System Maintenance procedures for the launch
Maintenance escape system consisting of trouble
analysis, repair, removal and instal-
lation, and calibration and adjustment as
related to boilerplate 12 configuration
SM4A-207| Earth Landing System Maintenance procedures for the earth
Maintenance landing system, consisting of trouble
analysis, repair, removal and instal-
lation, and calibration and adjustment
as related to boilerplate 12 configuration
10.1 Apollo R & D Instrumenta- Familiarization data for government
tion Communications furnished R & D communications and
Systems Familiarization instrumentation for flight test
Manual (NASA): spacecraft
11.1 Apollo R & D Instrumenta- Physical and operational descriptions of
tion System B/P 12 instrumentation employed with boiler-
Description Manual (NASA) | plate 12
14,1 Apollo R & D Instrumenta- Step-by-step checkout procedure to be
tion System B/P 12 Check- | accomplished for government furnished
out Manual instrumentation installed in boiler-
plate 12

1-4
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SECTION II

OVERALL SPACECRAFT

2-1. PURPOSE OF BOILERPLATE 12 CONFIGURATION,

2-2. A high dynamic pressure abort or max ''q" abort is an emergency condition
occurring during the initial stages of launch when dynamic pressures on the
command module and launch escape tower are at their peak. The command module
and crew must be removed from the vicinity of the launch vehicle in the minimum
amount of time. The unmanned boilerplate 12 flight test configuration and the
Little Joe II launch vehicle simulate the launch condition.

2-3. FIRST ORDER TEST OBJECTIVES.

2-4. The following are the primary objectives of the boilerplate 12 flight test
spacecraft:

a. To determine aerodynamic stability characteristics of the Apollo escape
configuration during a high dynamic pressure abort

b. To demonstrate the capability of the escape system to propel the command
module to a safe distance from the launch vehicle after a high dynamic pressure

abort

c. To demonstrate the structural integrity of the escape tower during a high
dynamic pressure abort

d. Demonstrate proper operation of the command module to service module
separation mechanism

e. To demonstrate the parachute recovery system
2-5, SECOND ORDER TEST OBJECTIVES.

2-6., The following are the secondary objectives of the boilerplate 12 flight test
spacecraft:

a, To determine aerodynamic loads due to fluctuating pressures on a simu-
lated spacecraft during a Little Joe II launch

b. To demonstrate Little Joe II spacecraft compatibility

c. Demonstrate satisfactory abort and recovery timing seguence
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2-7. PHYSICAL DESCRIPTION.

2-8. The boilerplate 12 configuration consists of a launch escape assembly, a
command module, a simulated service module, and a spacecraft adapter. The
boilerplate 12 spacecraft mounted on a Little Joe II booster rocket is the complete
high dynamic pressure abort test vehicle. (See figure 1-1.)

2-9. LAUNCH ESCAPE ASSEMBLY.
2-10. The structural relationship and physical location of the components of the

launch escape assembly are shown in figure 2-1. Pertinent physical characteris-
tics are contained in table 2-1.

Table 2-1. Launch Escape Assembly Physical Characteristics

Overall Dimensions

Length 33 feet
Weight (nominal) 6410 pounds
Major Components

Tower structure
Length 118 inches
Width, top of tower 36 inches
Width, bottom of tower 50.6 inches
Weight 352 pounds

Structural skirt

Length 18.25 inches
Diameter 48.8 inches
Weight 265 pounds

Launch escape motor
Length
Diameter, nozzle exit
Diameter, motor structure
Weight

Tower jettison motor

185.3 inches
28 inches
26 inches
4765 pounds

Length 55.6 inches
Diameter, nozzle exit 28 inches
Diameter, motor structure 26 inches
Weight 534 pounds
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Table 2-1. Launch Escape Assembly Physical Characteristics (Cont)

Major Components (Cont)
Pitch control motor structure
Length (includes ballast and 18.62 inches
motor structure)
Diameter 26 inches
Weight 157 pounds

Pitch control motor

Length 22 inches
Diameter, body 8.79 inches
Diameter, flange 10.51 inches
Weight 55 pounds
Ballast
Diameters, lead discs 20.5 inches and 15.0 inches
Thickness 1.13 inches
Weight 190 pounds (approx)

Ballast enclosure

Length 29 inches
Diameter, forward end 13.1 inches
Diameter, aft end 26 inches
Weight 67 pounds

Nose cone (Q ball)

Length 19.09 inches
Diameter, forward end 2 inches
Diameter, aft end 13.03 inches
Weight 22 pounds

2-11. STRUCTURE, The base of the structure is an open frame of welded titanium
tubing, Each of the four legs is attached to the command module by an explosive
bolt. (See figure 2-2.) The structural skirt is attached between the top of the
tower structure and the base of the launch escape motor, Attachments at the
tower base are adjustable to facilitate tower alignment. (See figure 2-3,) The
interstage structure (figure 2-4) is a welded sheet structure which houses the
jettison motor exhaust nozzles and various electrical components. Two access
doors facilitate installation and removal of components. The ballast housing and
the nose cone are of welded inconel sheet construction and bolted together to
form a single conical structure to house the sheet lead ballast and the Q-ball.

(See figure 2-5.)
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2-12. LAUNCH ESCAPE SYSTEM MOTORS. The launch escape system consists of
three motors mounted above the tower structure. Each motor utilizes a star-grain
solid propellant of a polysulfide ammonium perchlorate formulation. The launch
escape motor has four fixed nozzles; the jettison motor, two; and the pitch control
motor, a single nozzle. Passive thrust vector control is used to obtain proper
escape and jettison trajectories. Alignment of the motors should be accomplished
in accordance with instructions contained in SM-2A-05, Transportation and
Handling Procedures.

2-13. LAUNCH ESCAPE SYSTEM ELECTRICAL AND ELECTRONIC
COMPONENTS. The electrical and electronic components in the launch escape
system consist of a launch escape sequencer (contained in the command module),
two tower sequencers 14 HBW initiators, and associated wiring harnesses and
attachments. Redundant left and right wiring harnesses are bonded to the exterior
of the launch escape motor, and associated redundant harnesses are integral to the
tower structure. KEach tower structure harness has a breakaway plug that allows
the harness to detach itself from the command module when the launch escape
tower is jettisoned. The wiring harnesses provide the means of connecting the
rocket motor and separation circuits with the sequence controller, and the instru-
mentation components with communications equipment.

2-14. TOWER SEQUENCERS. Two tower sequencers are located under the tower
structural skirt assembly. They are mounted vertically on brackets adjacent to
the tower legs through which the wiring harnesses are routed. The sequencer
boxes are approximately 9 inches long, 5 inches high and 4-1/2 inches wide.

2-15. LAUNCH ESCAPE SEQUENCER. The launch escape sequencer is a part of
the launch escape system, but it is installed in the command module; it is a single
enclosed assembly approximately 23 inches long, 8 inches high, and 7 inches wide;
refer to section IIl for an operational description.

2-16. LAUNCH ESCAPE TOWER UMBILICAL CONNECTORS. Two electrical
connectors join the electrical systems of the launch escape assembly and the
command module. These connectors are located on the plane of separation in
adjacent escape tower leg wells of the forward heat shield of the command module.
(See figure 2-2.) The receptacle portion of the connector is attached to the
command module structure; the plug is attached to the escape tower leg nearest to
it by a lanyard. When the escape tower separates from the command module, the
lanyard pulls the plug from the receptacle. The plugs are part of the launch
escape tower wiring installation and separate with the tower. The receptacles are
part of the command module wiring installation and remain with the command
module, , N

2-17. COMMAND MODULE. (See figures 2-6 and 2-7.)

2-18. The boilerplate command module simulate
1 1 o
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. Physical characteristics for the command module are listed in table 2-2. The
reference axes are shown in figure 2-8.

Table 2-2. Command Module Physical Characteristics

Shape Conical

Height (overall) 134 inches

Diameter (overall) 154 inches

Weight (nominal) 9000 pounds

Aerodynamic Stabilization 2 strakes (fins) located
on XY plane

2-19. STRUCTURE. The command module is conical is shape, with a convex
base and a rounded apex. It consists of an aluminum alloy primary structure with
forward and aft heat shields. A main hatch in the side of the primary structure
permits access to the interior. Shelves and brackets along the inner wall afford
‘ mounting provisions for equipment. Compartmentation is described in table 2-3.

Table 2-3. Command Module Compartmentation

Production Configuration
Compartment Function Boilerplate 12 Contents

Primary Structure Crew Compartment LES Sequencer

R & D communication

R & D instrumentation
Ballast to simulate weight
and center of gravity
Egress tube to simulate
production tube volume

Main hatch
Forward Compartment | Houses parachute sys- Earth landing system
tems of ELS, reaction Apex (forward) heat shield
thrust jets, and asso- Heat shield separation
ciated equipment mechanism

2-13
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Table 2-3. Command Module Compartmentation (Cont)
Production Configuration
Compartment Function Boilerplate 12 Contents

Aft Compartment

Houses impact attenua-
tion struts and environ-

Aft heat shield attachment
fittings

mental control and
reaction control systems
storage facilities

GSE attachment fittings
Umbilical connectors
Pressure transducers
Equipment access doors
Service module mating
bearing pads and tension
ties

2-20., FORWARD HEAT SHIELD. The forward heat shield forms the apex of the
command module and provides a protective cover for the earth landing parachute
subsystem. It is constructed of aluminum alloy with an inner and outer skin. The
smooth surface of the inner skin precludes tearing or cutting of the parachute
fabrics. The dome of the heat shield has been removed and a flat, 9-inch camera
window installed. The heat shield is attached to the primary structure by two
tension tie bolts. The tie bolts are parted and the forward heat shield is separated
from the primary structure prior to parachute deployment by the heat shield
separation system.

2-21.
command module.
and outer skins of laminated fiberglass and attached to the primary structure by
six dummy shock struts. (See figure 2-9.) Two umbilical electrical connectors
are installed in the shield for connection to the service module. Six holes cut
through the shield allow the command module bearing points to protrude, and
three holes cut through the shield permit the command module-to-service module
tension tie bolts to be installed for service module attachment.

AFT HEAT SHIELD. The aft heat shield forms the convex base of the
It is constructed of aluminum honeycomb bonded to the inner

2-22. EARTH LANDING SYSTEM EQUIPMENT.
equipment is located in the forward compartment.

(See figure 2-10.) The ELS
Refer to table 2-4 for a list
of major components and physical characteristics.

2-23. Drogue Parachute Subsystem. This subsystem consists of a drogue para-
chute deployment bag, a mortar assembly, a riser, a disconnect assembly, and a

pair of pyrotechnic cartridges.

2-24. Pilot Parachute Subsystem. The three pilot parachute subsystems consist
of pilot parachutes, deployment bags, mortar assemblies, risers, and pyrotechnic
Each pilot parachute serves to deploy one of the three main

cartridges.
parachutes.

2-15
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Table 2-4. ELS Major Components and Physical Characteristics

Main Parachutes (3 required)

Type Ring-sail
Diameter (deployed) 88.1 feet
Weight 121 pounds
Method of deployment Pilot parachute

Drogue Parachute (1 required)

Type Conical ribbon
Diameter (deployed) 13.7 feet
Weight 25.2 pounds
Method of deployment Mortar

Pilot Parachute (3 required)

Type Ring-slot
Diameter (deployed) 10.0 feet
Weight 5.0 pounds
Method of deployment Mortar

Drogue Mortar (1 required)

Firing current 3.5 amperes
Firing voltage 28 volts

Length 14.75 inches
Diameter 11.50 inches
Weight 11.0 pounds

Pilot Mortar (3 required)

Firing current 3.5 amperes
Firing voltage 28 volts
Length 15.53 inches
Diameter 4.78 inches
Weight 4.5 pounds

Forward Heat Shield

Height 51.1 inches
Diameter 76.1 inches
Weight 246 pounds

Ejector Cylinder ( 4 required)

Inside diameter 1.243 inches
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Table 2-4. ELS Major Components and Physical Characteristics (Cont)

Sequence Controller

Length 9.13 inches
Width 6.36 inches
Height 8.00 inches
Weight 13.52 pounds

2-25. Main Parachute Pack Assemblies., Each of the main parachute pack
assemblies consists of a main parachute, deployment bag, riser, and pack
retention flaps.

2-26. Main Cluster Disconnect and Harness Assembly. Each of the main para-
chute risers is attached to one end of the main parachute cluster disconnect. The
disconnect assembly is attached to the harness assembly which is in turn connected

to fittings on the command module structure.

2-27. Sequence Controller. The controller is an electrical assembly containing
timers and relays which sequence events during the descent of the command
module. Refer to section IV for an operational description of the sequence
controller.

2-28. FORWARD HEAT SHIELD RELEASE SYSTEM. (See figure 2-10.) The
forward heat shield release system consists of a pair of pyrotechnic cartridges,
two gas generators, and four ejector cylinders and rods. The rods are connected
to the forward heat shield and transmit the force necessary to accombplish release
by parting the tension tie bolts which attach the forward heat shield to the command
module primary structure. The ejector cylinders are mounted along the upper
outside rim of the air lock structure. The gas generators are mounted on the
upper surface of the forward bulkhead and connected to the ejector cylinders by
tubing.

2-29. R & D INSTRUMENTATION EQUIPMENT. Boilerplate 12 instrumentation
subsystems consist of R & D communications andinstrumentation and R & D power
and control. The communications and instrumentation equipment is divided into
six functional groups: transducers, signal conditioning, telemetry, RF trans-
mission, timing, and recording. For a complete list of R & D instrumentation
equipment contained in boilerplate 12, refer to table 2-5.

2-30. ANTENNA SYSTEMS. (See figures 2-6 and 2-7.) There are two antenna
systems furnished by NAA in boilerplate 12: an R & D telemetry system and an
R & D beacon system.

2-31. R&D Telemetry Antenna System. This system consists of four H-shaped

slot antennas mounted flush with the exterior skin of the command module and

spaced 90 degrees apart. One is mounted adjacent to the lower left corner of the

SRR 2-19
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Table 2-5. R & D Instrumentation Equipment
Equipment Supplier Quantity
Acceleration Transducer NASA* 6
Amplifier NASA* 13
Amplifier Rack NASA 10
Antenna NAA 8
Attitude Gyroscope NASA: 3
Battery NASA* 8
Camera NASA* 5
Control Box NASA:* 1
Junction Box NASA: 1
Pressure System NASA* 12
Pressure Transducer NASA* 42
Signal Condition Box NASA* 1
Tape Recorder NASA* 1
Telemetry Package NASA* 2
Temperature System NASA* 1
Timer (coded) NASA:* 1
Transponder (C-band) NASA* 2
Rate Gyroscope Package NASA* 1
Q Ball NAA 1

2-20
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main hatch. Transmission is on two frequencies between 225 and 260 megacycles
with a total power of 10 watts when operated in conjunction with the boilerplate 12
power amplifier.

2-32, R& D Beacon Antenna System. This system consists of four disc-shaped
antennas approximately four inches in diameter mounted flush with the exterior
skin of the command module and spaced approximately 90 degrees apart; one is
mounted adjacent to the upper left corner of the main hatch. This antenna system
will transmit at a nominal frequency of 5500 megacycles at an average power of
one watt in conjunction with two C-band transponders.

2-33. SERVICE MODULE., (See figure 1-1.)

2-34. The simulated service module is used primarily to transmit thrust loads
from the launch vehicle to the spacecraft, The command module rests on the
service module at six compression bearing points. Three tension ties hold the
command module mating bearing points firmly nested until a pyrotechnic charge
cuts the ties ati timme of launch escape initiation. The service madule is bolted to

a structure extension which is in turn bolted to the spacecraft booster. The
service module remains with the booster after command module separation. A
mount is installed near the bottom of the service module to support a camera which
observes command module separation,

2-35. STRUCTURE. The cylindrical outer shell of the simulated service module
is approximately 12 feet long and 13 feet wide and is constructed of welded steel
sheet riveted to sheet steel circular frames. The six bearing bolts attached to
the primary structure which transmit thrust loads are adjustable to facilitate
command module to service module alignment.

2-36. STRUCTURE EXTENSION. The structure extension is cylindrical in shape
and is approximately 10 inches long and 13 feet in diameter; it is constructed of
sheet steel that is riveted to upper and lower frames. The upper frame is com-
posed of steel angles and webs riveted together. The lower frame is constructed
of rectangular steel tubing. A concave, laminated fiberglass bulkhead is attached
to the lower frame. The structure extension is bolted to the Little Joe II space-
craft booster.

2-37. SERVICE MODULE TENSION TIE BOLTS. (See figure 2-11.) These bolts
are steel turnbuckle assemblies approximately 42 inches long. Two of the
assemblies installed at longerons No. 4 and No. 6 use 7/8-inch hexagon steel
rods 28.5 inches long. The third tie at longeron No. 2 uses a 1-1/4-inch round
steel rod 28.6 inches long on which hexagonal wrench flats have been machined.
On each tie bolt, a flat strap section 0.17 inch thick, 2.75 inches wide, and
2.50 inches long is provided for installation of two pyrotechnic cutting charges.
These charges sever the tie bolts during command module-to-service module
separation. One rod end mates a fitting on the command module, and the other
mates a fitting on the service module. The tension tie bolts are utilized to
preload the command module-to-service module compression bearing points.
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2-38. UMBILICAL CONNECTORS. (See figure 2-12.) The umbilical connectors
on boilerplate 12 consist of electrical connectors located on the planes of separa-
tion of the modules. These connectors join the electrical systems of the modules
together while the modules are attached and provide the means of disconnecting
the electrical systems upon module separation. The service module contains
five umbilical connectors.

2-39. Command Module Umbilical Connectors. Two umbilical connector recep-
tacles are recessed into the outer surface of the aft heat shield of the command
module. They are approximately 12 inches from the outer edge and located on
either side of longeron No. 6. The receptacles are part of the command module
aft compartment wiring installation. The plug portions of the connectors are part
of the service module wiring installation; they are attached to lanyards fastened
to the service module structure. When the command module separates from the
service module, the lanyards strip the plugs from the receptacles and retain them
with the service module.

2-40. GSE Umbilical Connector. A receptacle for attaching a GSE umbilical cable

LR Ll QD a2l il 124 ~-

is located in the skin of the service module approximately 18 inches below the top
on the positive Z plane. The mating plug which is attached to the GSE electrical

cabling is equipped with a lanyard which, when pulled, will release the plug from
the receptacle and remove it from the service module,

2-41. Little Joe Il Umbilical Connectors. Two electrical umbilical receptacles
are mounted in a bracket near longeron No., 3 of the service module. The bracket
is attached to the inner surface of the lower frame of the structure extension at
the base of the service module. These receptacles mate plugs on the Little Joe II
booster to connect the electrical systems of the spacecraft to the electrical system
of the booster. DBoilerplate 12 service module is bolted to the booster and does
not separate from it during the flight.

2-42. LAUNCH VEHICLE., (See figure 1-1.)

2-43. The launch vehicle is a Little Joe II spacecraft booster which is mounted on
a launch platform on the launch pad for elevation and azimuth orientation. Four
fins stabilize the cylindrical airframe. The airframe is approximately 13 feet in
diameter and 29 feet in length. The fins sweep back from the aft body and are
approximately 28 feet from tip to tip. The power configuration for the high
dynamic pressure abort launch provides 310,000 pounds of initial thrust, which
reduces to approximately 103,000 pounds of thrust sustained for 36 seconds. An
adapter, called the structure extension, bolts to the service module and to the
Little Joe II airframe.

2-44. OPERATIONAL DESCRIPTION.

2-45. The R& D systems incorporated in boilerplate 12 consist of an R& D com-

B P S i, b . T TR gy - B T S N VU Nt [ e
munications and instrumentation system, an R & D power and control s

]
)
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an attitude and dynamic pressure (Q-ball) system. The launch escape system and .
the earth landing system are described in sections III and IV,

2-46., R & D COMMUNICATIONS AND INSTRUMENTATION. (See figures 2-13
and 2-14,)

2-47, This R & D system provides a means of acquiring and storing data pertinent
to the mission. Acquisition and storage is accomplished by means of transducers,
on-board recorders, cameras, and RF telemetry transmission, Specific data
acquired consists of acceleration, attitude, and angular rate in each of the roll,
yaw, and pitch planes; conical surface and base pressure measurements, launch
escape motor and pitch control motor chamber pressure measurements; command
module interior temperature, and temperature measurements in the telemetry
equipment, transmitter, and RF power amplifier, Cameras observe LES motor
fire, motor plume patterns, tower separation, command module separation,
forward heat shield separation, and parachute deployment.

2-48, NASA FURNISHED EQUIPMENT, For descriptive and checkout information
for the R & D electronic equipment furnished by NASA, refer to applicable NASA
description, familiarization, and checkout manuals.

2-49, Q-BALL., (See figures 2-15 and 2-16.) Three pressure transducers with

associated attachment and electronic wiring form the NAA furnished Q-ball system. .
Data acquired by the Q-ball includes angle of attack, angle of sideslip, and dynamic

ram pressures. The transducers are located in the LES nose cone and sense

airflow direction and pressure through ports in the nose cone surface. The input

is 28 volts dc. The transducers are capacitive-balanced with conversion of input

power to 8 kilocycles. The output of the transducers is proportional to the

three differential pressures measured. The transducer outputs are applied to the

telemetry equipment after amplification and conversion to direct current.

2-50. R & DPOWER AND CONTROL. (See figures 2-7, 2-17, and 2-18,)

2-51, Electrical power for boilerplate 12 systems and equipment is provided by
nine multi-cell, 28-volt, zinc-silver oxide batteries. Four of these batteries
supply the system sequencer, three supply the cameras and the remaining two
supply the spacecraft equipment in the command and service modules.

2-52. Four 18-cell, 6-ampere-hour batteries provide power to the A and B
logic and pyrotechnic buses in the earth landing system sequencer. These same
batteries provide power to both the A and B logic and pyrotechnic buses in the
launch escape sequencer. Each of the three R & D instrumentation cameras is
supplied by an 18-cell 6-ampere-hour battery mounted adjacent to the camera.

There are cameras mounted on the launch escape tower and in the interior of both
the command and service <modules., ‘
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2-53, The main battery which is located in the command module provides power
to the communications, instrumentation, and miscellaneous equipment. An
additional battery provides power to the TMS-1090 micro-dot temperature
measuring system,
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Figure 2-18. Boilerplate 12 Schematic Diagram (Sheet 2 of 9)
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Figure 2-18, Boilerplate 12 Schematic Diagram (Sheet 6 of 9)
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SECTION III

LAUNCH ESCAPE SYSTEM

3-1. PURPOSE.

3-2. This prototype launch escape assembly serves to qualify the basic design and
engineering concepts of the launch escape system to be used throughout the Apollo
program. (See figure 2-1.) The purpose of the production-type launch escape
system is to translate the command module away from the launch escape vehicle
in the event that a malfunction endangers the Apollo crew.

3-3. OPERATIONAL DESCRIPTION.,

3-4, The launch escape system for boilerplate 12 operates in a series of controlled
steps commencing when an abort command signal is received. Figure 3-1 is a
functional block diagram showing the time sequence of pertinent events. Figure 3-2
is an electrical schematic diagram of the launch escape system. Figure 3-3 is a
wiring diagram of the launch escape system. Table 3-1 is a time history of the
events of the launch escape system.

Table 3-1, Calculated Time for LES Test-Events

Time After
Launch (sec) Event

T+0.0 Logic bus arm

Pyro bus arm

Escape motor arm

Pitch control motor arm
Jettison motor arm
Booster ignition and launch

T+29.0 Abort command (radio signal)

Command module and service module separation
L.aunch escape motor ignition

Pitch control motor ignition

Initiate tower separation relay (15.5 sec time delay)
Arm jettison motor

T+44.5 Fire pyrotechnic bolts
Tower jettison motor ignition
Initiate ELS relay

+OONNDTNTINRERR 3-1
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Table 3-1. Calculated Time for LES Test-Events (Cont)

Time After

Launch (sec) Event
T+47.5 Forward heat shield separation
T+48.5 Recovery sequence start

3-5. The sequence steps cannot be speeded up or delayed in flight. The abort
sequence is initiated at T+29.0 seconds. At this time dynamic pressure has
reached a (q) value of approximately 614 pounds per square foot and the altitude
is approximately 20,000 feet above sea level. Table 3-2 contains the flight
parameters,

Table 3-2. WSMR Flight Parameters - No Wind Condition

Time
After | Altitude |[Range | Velocity Flight Path Dynamic
Flight Sequence |Launch|Feet, MSL| Feet |Feet/Sec|Angle, Degrees| Pressure

Booster ignition T+0.0 4,000 0000 0000 +82 0000
and launch

Abort initiation, T+29.0 18,000 8,200 941 +45.8 600
escape motor
ignition, and pitch
control motor

ignition

Tower jettison T+44.,5 24,000 19,600 476 +2.4 125
Recovery sequence| T+48.5 23,800 21,200 370 -13.6 76
start

3-6. ROCKET MOTOR IGNITION. (See figure 3-2.)

3-7. Each of the LES motor ignition networks contains an igniter and two HBW
initiators. Redundant initiators are employed for reliability. The hot bridge wire
initiators will ignite within 10 milliseconds after application of a firing current of
3.5 amperes at 28 volts dc. When ignition of a particular motor is required, the
sequencer applies the current required to detonate the initiator thereby igniting the
igniter and the motor. The igniter for the launch escape motor extends

) 3-3
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into the center of the motor case approximately 25 inches. The escape motor
igniter propellant contains an inner grain which is circular and an outer grain
which is a 20-point configuration. The pellets are of boron potassium nitrate.

The igniter for the tower jettison motor is threaded for installation in the aft dome
of the rocket motor. The pellets are boron potassium nitrate. The propellant
grain is an 8-point configuration. The igniter for the pitch control motor extends
into the motor approximately 2 inches. The pellets are boron potassium nitrate,
and a total of 40 grains is contained in the ignitor body by the cap. HBW initiators
are installed in the outside cover flange of each igniter.

3-8, TOWER SEPARATION.,

3-9. The tower separation system consists of four pyrotechnic bolt assemblies
that attach the tower to the command module. (See figure 2-2.) The bolts are
made in two sections which are threaded and screwed together. An explosive
charge placed at the threaded joint is ignited by a squib to shatter the connection.
The upper section of the bolt assembly is flattened to accept a shaped-explosive
cutting charge. The charge is squib-fired to sever the bolt at that point, thus
providing bolt destruction redundancy. Release of the tower is accomplished by
simultaneous destruction of the four pyrotechnic bolts. Hot bridge wire initiators
actuated by 28-volt d-c current received from the tower sequencers will detonate
the explosive charges within 5 milliseconds. The tower sequencers simultaneously
apply power to the tower jettison motor squibs. The entire launch escape assembly
is released and pulled clear of the C/M trajectory. Umbilicalelectrical connectors
are disconnected automatically when the tower and C/M separate.

3-10. LAUNCH ESCAPE MOTOR. (See figure 2-1.)

3-11. The launch escape motor supplies the thrust necessary to propel the escape
vehicle along the abort trajectory. Passive thrust vector control provides a flight
path that arcs slightly in the pitch-up direction. Variation in the throat diameters
of the four exhaust nozzles is the method of flight vector control used. The oper-
ational characteristics of the motor are contained in table 3-3.

Table 3-3. Operational Characteristics of the Launch Escape Motor

Thrust (maximum) 140, 000 pounds

Duration 8 seconds

Propellant 8-point star grain polysulfide
ammonium perchlorate formulation




> >
g 2
N P
= z =
ie £ iz
é 2 2 az
a
] a 249
B3 29 a4
ER 23 I
) “ z wh 24
4
£5 €3 87
L’/J _t)L —— l - J{ PR
A A2 5 Woasez
|
U P _sM ) mspzo
[N \ oM & cwsazo
Y
@ csne lmsue
FI. e — - - o
AFT.BMOTK Cigre [SLLITS
|
wusP2?2 csP22
SEG - sta. N T2
iz 2
trR2
4 CATRL
ARM ¢ DE AR™M asP ARM § DEARM
PYRD BUSA LOGIC BUS A
3
Sz
asPLz
CH4TBL
d
e :
R [N +
w3
ARM ¢ DEAR™M ARM § DEARM
PYRO BUS B LOGIC BUS B
i a4z
sea X
C\SPZZ cisp QsPTT CIsP2Z.
1508 CISFIS, ] CI5PIB
AFT. BWD, -
usns 4 LTEY Ic\s.\ 8
[ qscxmzm 510 K K, D00 1S 320
s/m S1EPZe] S15PIO \sv\oj fmsvio
A gisen 5™ " S19 Y
6ST 7 r:se
GSE ARM GSE ARM
LOGIC BUS
PYRO BUS
-~ va_ _JL 3 R\5J3
(wi) ’) J >,
£ x 0@
S
< 20 D
=4 0w 5
iz 2 ZE
i5 i%
w= 2w =1
w o7 o
na £ 53
2 3 L)
w! i
P oo
a9 <
o a
£% 3%

o
o
o 10, W
L3 %\ I:: '——‘
k4 S YA
= Ry .
1T o
Iy w2z o N 22 88 3
< S& B2 2% 2
H 15 8 P
o H RBG I 17T Cpt
BTz P03 ' ' : ' ! , .
PYRRTTERY _;1,,, _ Gk @|€ Ny 2
A & ¢SE '
SYS.A > \3&5‘: l: %, x\0 Wiz
< ]
S . 4,5 ? < 4,5 3 12, 4
+ B 1+ ' — 1 J|\'|ﬁl
4 ctad & 2 ey ‘L Ko S
M :ClS P22 SE seQ
¢ s e c15P8 [SEL=1:1
cis
- =) ¥ emPe
CI14RT3 AFT BN s T o8 HBY - Ciepe FWO. BHD.—b— - -
LOGIC BATTERY Fwe® K”\L\svor 56 T ¢ mper
SYSA > e/m £15410 o420 oM Qc\sa\ < SERY
s/ S15P0 ©sp20 LOGIC BUS A PL ¥ Rie /T e [ ELS
INDICATE ARM \ND\QME ARM INV
A AISS3 ASI 2 GSE efF sk E18P22 7 St . LIBPLL "
W i Y
L/ 5/™M snsu ~ 1% Xt v “ sz \ 3(.5
ABORT RESET ABORT EIBALKL EIBAK | EXBAZKI LIBAZK
GSE o SlSPZO
_I+\BORT 516 c/M ¥ cisiz0 bxe  Fw l
[X14 X
70 7T %9 sinn / R Cis k'S 4[ % iz
am (W1 AFT. BHDD S48 Eff SEG—F —- ——R— - - P
A nSe2 5 E[T SEP 4
sim ol sverzo D¢ VOUTAGE D-g-vo“g‘:f e s THR JETT efr GBS P
oM :f 5f Ci5420 s/v\ ¢ 5720 Qe BusA 'YTMO BU INITIATE C,ﬁ_\;‘ £ - Ci i? LT
ts120 3 &t CISPGF
AET BHp EE _ BpEPIE 13P4 N w8 CRIZ wIQ wiz Ty YE . Wr Yw  Yee Yoo
. . CnPIs anae (3 0) ((tD BMD. CISPO
o B, % FACR Y . cls% cP2g| Pz BEFS  [Lasec s
Py e V2SSRSN gkl 50. s 193
cispzz CI15PI3 ceme Wis $u2 sz i b 05 Sea - - - ¥ N
Y CI5P7 P2z 4 % L‘ ’
' - 2 R8 Ri4
A\ T - <309K 30.9K
Y
o
[N RS SEQ STAR™
v . SAGNAL, A RZ) Rz2 | R24 R29  R28
v>_\ ' Te.BY ZO0K MK 20K TG.BN
1 CRIO
of F— .. +——AAAN——4
o e LY
1 H— RIO  SRI2 R SRi8 ‘
ABORT RELAY a3k Semx 23K S8MK
R Y8, A Ard
2N R19 R20 | RZS
Lol Z6T K 20K DMK
w7
+O1
cmﬂas> o e s
S P -
e ol csPiz
R2 R 15 SRIT (3528 v |
N 293K 2 MK 23K 2K R csl 33L P
L__. < | 3, |
) ) LES. ¢ PITCH TOWER JETT & O R
H @D CONTROL WTR,  SEP RELAY I
. Y FIRE RELAY CIOSE. CLOSE A 4B sea S AU A
& [ere SEQ. START ey s
e SIGNAL B
Lesmy CISF
ABORT RELAY AFT BMD—3 ; N
Y5, B A~ A 13 LISJIS c15d
- aa =% a 114 SRR - - - - N
5 N3 F & SEQ—H—— =~ - 31231
4 83 42 " CsP7 nmPezz g‘" gm-_,, . A [
ol i 303K DK rd S 4 SR & N 4 N (<
3 77 >—5h cisP7 FALTIES meie ANV N} I YRR S FWD BHO— ~ CsPUE s wsP
. v AFT. BHD, - - sta Yo DS S UHU-SM Ef1 SEP &
amPie CIBAN3 ADID 5P LsPT [ %P2 “EP TNR JETT /v S {} S iz An s
) INITIATE U‘.—jk—“ —HR— - T T esee ° ’
[ ] CIBa4y /™ SN0 g C\%d 20 - L13Pa C\'BPA GSE
' ! 'a ssPe T sisrzo ™M T Eiap2
29 58 ceso WM 0. VOLTAGE DCNOTAGE \ES w7 CRU 1) 5% ‘Sjé?l ¥ — .z MOTOR swncu RESET
CA T BP0 A AISS3 P52 Loeic BUS B s ® mesec.  [Resd ~ - GSE 28VDC
M a>—< o AFT.BHO- -- L & - |
5 N 4853 L/ Q! L osne FEBAK Z EBAK
wy =~
ﬁ? % é % 7 f ARCZ [ . fig 1810 xlon i
AB(?:;‘ERCE%Y ABORT LTSk -I"“c““ 6 o™ 3\5PI0 EIBAIKZ  EBAIKI EBAIKI " 3
4 DORT S B SEL Y SEGe - "
\-/J —- RN A0 S1B It '
L1416 KK eis M502 GSE §]1 i . £§er2 :
GRD BLS LOGE BUS®  PYRO BUS B (W Y ewiz >
s/ S\SPI0 SP20 INDICATE ARM  INDICATE ARM C/P’\ cisJe / I ﬂ
/M B30 215320 9 g, CIBPIF " aSPUF
wo—2 - 0. BBk — — e
T FWD. & Gmpn G T eispn
AFT. BHD. C\SJIE [N}
s [RTTIT:N (S -d] o . asPal |
Bl o 7 sea TR s 93
o CIoPT neez2
- [y SEQ. T
"L 4,5 )¢ Y a5 2 4 128 i
+4 b R - R it it {
\ s T 25 22 3 X% LS Kt
C1aBT4 H e &8 25 2 &) 4]
LOGIC BATTERY ‘u AN b EI et u Hz nHz
B SYS. B RE™ B T ) = RS K1y
Y 2K 1 ' [Qa+3] (7o)
o a> - ' ——JVV\/W_QH)}_%—_Q{H 35E ‘
- a RS
v | 2K ] 5 H w
” A s & “4a U ©
R—+—t
w1
P 0,1
P‘IROTECHN\C t
BATTERY w wi
SYS. ®




SMZA-07

£ J4 l <y & 14 Ja
: -- SEQ - - TR~ ~ R SEQ -5
. st ’ csPe T ases N Cisea
Q9
[ 2
< B oaown N pp CISPG A AL MM CAOP @ |3 Vg (ISP
= =@ P b - FWO BHD-—+ FWD BHD —+—— - ~ — -
e utu | FWD B e PLE 2 CLBPGF CSPLF 5
w
' w _
w,Z oz N : £LS 106 [ ~ [SLNY (Wil L dm csdn c0m8 v
—imf——{“ K\L—(‘.’ﬁ‘ﬂ > h NTiATE E/T 381 [ S P ELs St T +28VDC \Ns‘t.-ﬁ'
(TD) (To) f T; 9 u = |
EIRP2L 254003 3 & o
g T se -- E/T 5EGe- -y ELS ARM 7285 54 Fo
b < iz . 4z 3 S0 o
- ¢ |+ NGd St —@ p————e
LAUNCH ESCAPE  |UBAIK Vo R o
MOTOR SQUIB vl ; ELS SEQ, [ N o k] > 12 12
£185Q2 r— K— EIBSGE 210 wle o ¢ K2 TTwWio TKG KA
QGIC UBAKI _I: I S SIS o s Ps & “ o
TE L e ek —z K—%ln)——-
v
A~ £1BRKL v L
5 (e T sera ] . g &
= CRiA Bi Ay PITCH CONTROL ¥ + Iy w ~ a
SEC [30%e wa ALY | MOTOR SGUIB o —Eiesae A 2 2z 2
% 5% 87| az 83Q 4 | I G @ z
A2, A - ce .
L 1t T a da h
L EIBATK) Vi < z a o 3
K8 [ i g9 z z 8 R3S R34 R233 R40 SR22 RB8 R4D Raa RAD
il J- A £ = 2. 26TK 256K 5K Z2BTK 256.2K < D5.3K $28TK $S56.2K & D5AK
82,83 By [AT-TAPY i f (4 w < Lt
S+ {/ X a 4 < 4 x %Y«
'& N 2 4t < KT s v ¢ ° 5 ‘iﬁ
3y y ; Q Y
SEG—m = = ——— - - R lwrra EIBAZKL I g & 5 E g ég;
G e o 3 2 ]
_J CISPIR k—o— E18souz
AFT. BH! - —e— - N
’f asng [ "‘;: ._1:5. -
] £
s 95 15
M 6 _ lz cisJzo ¢ SEO——IR - - SEQ —R— - sea—( Cae b
sm ; . R p— o CISPIZ Zran R3G CSP2 Caz R4y CISPIZ 2Ran R46G
l I\ bywy §—‘M§r' aends msia 2.3k £9.31K 231k SoaK 2.3k Sk
c13Pa C13Pa ci3Pa
v 5EO4L—— O TLm. e \'LMQ(——I- T £
B8P sha SISPD sieem ] siwma " W craa Cnas
e H cm Bauip W 7 ki 153D <30
c/m E/T_E% - _ g EOF D TOWER JETT/5EP TOWER JETTAER E.L.5 SEG START
/M e At N asaB | Cosady oy _\NC\T\ATEE RELAY uN\TC\Cg:ERiLAY RELAY CLOSE A
d AR BN R Er SPB N C1sPa
AFT. BHD Fwp BHD-YAA_ BB YPCIRPGT
cisva \ "
aoea EIBAZ K1 T TOWER JETT 3 sta—Y-- ez ], cwer
sea sEa e & LU MOTOR sauB CiaTR, L 1
B 44 | B SAG -
CISPU (ISP Y
a1 — - -
Liakd FWD. BHD: e 5 S 2
ha) -
CM_R 01512 ACiSal ! %
a3 “ewez TEse | z
a st — — - i TOWER JETT.
o F S T EIBNKI MOTOR SQUIB efr seaatER LR g
T E85as iR 2L 2T
AFT, BHD: Wy C1ePu EIBALKY 3
| ) CISPUF FEIBNK A EBALKZ
<M SM SER E.L.S. SEQ START ABORT INTTIATE
cAr o/m sz RELAY CLOSE RELAY CLOSE B RELAY CLOGE
5 %ﬂ;; - e :: Tewee ZEBAK - EBAIN at=
'
; miara oz ] i2 ca
; - 5 2 _ J4 | 1334
e gt o sta 12 2 ¥ R B LM == M g3 im — 2
e ) A » ci3pa Cr3Pa Q3pa
Laue  [saUiB ﬁg . 4 R 225
sAA Dd E/T _NEEPZ G EISPY SRB2 RST RG2 RB\
o - Bom & oM Setss Yeen SE CI3PIZ ook SAAN LEPPIZ Somie 2200 LEPZ ok Soaik
Po oM i QB0 55 FURT) < RY 4o B s
SRR BY YWD MEmRiE YCiseer
Y. - z AN
1 AFT BHD - ‘ﬁ_cm?\a 2z R0 Nsen Newre
25
o 15Pz1 CePe
St T sea—E
SEQ.—i————EF——-—ih‘ §§ Da}vd!m a4
82 B3 # KT FxB
4 m oz (Tl q
e RS0 R4S R4B  SRSS R54 RO RGO SR RSB
Az, A3 o RH AR a 0 287K 56.2K < D5.3K  LZBIK 562K <2B.3K 287K 6.2k £9%5,3K
k *H F X2 ZRO ZKS
S LOGIC B2 w7 147 (TD) W(TD) ?
VTIATE T %7 TN PITCH CONTROL :/M _SISPO
i 1 MOTOR SQUIB ™ 4 C1a\0 7] T 2 12 14 10
‘_5 C e qb L__‘.____. } AL AXI3 FExia L g:xz Fra LR
S &Y & J W) Siro v B &
cRI3 >—£ 1 _&E tissais
SEC 2.0 SEC EIBRIKE BB €
e +15% ¢ o AT Y -w 7 Y c cy 4 4 \ﬂ VA
i - W AFT. BRO.—R Cmeia AKS gtmu £ Ra ;: KT K8 FKIB K3 TKe ol LY
: i LAUNCH ESCAPE EIBAIKI 1 w[aoy oo 9 ce cz 2 2 %) 3
! MOTOR SGUNB [ P
: —tt & !V' Tiasat ' {—o erk ! Tessan SEQ.QL-EF o a 20] 2] ol ool
i o I &7 I imm ,\-z’\EIEPZI ¥ WA Az e N Fe
: - = X fea \
F N stQ -- eff sea-R -+ -- 4
[ od ?a'E S« v ste e £16P21 P, ELSJ\ARM
S 25 3
IRV AT aa
- A ) l ELS 10G\C A E1SPZ o E1BP2 1S SE CR.
I J 3 . .- . -
; P ]\ TR W o TR Tissz g ¥ cieiz e :
| Go G | |
] o CIBPUF _O. CISPIF FWD BHD -} L] X G CISPIF
A & WD BRI [N Fwon WAL T M s TR cspil
g csp2y aspzy 254
SEQ N SEG - - - SEQ -—
Ay i 3 TN T B 2
. BATT. MOMITOR RESISTOR VALUES ARE OHMS &1 %

v2 WATT (RN1OC - — _ _F PER MIL-R-10S09)

SIGNAL CONDITIONING RESISTOR YALUES ARE INOHMSE 1%
¥4 WATT (RNGSC ____F PER MIiL-R-16509) -

LATCHING  RELAYS . SHOWM WITH *¥" O LAST ENERGIZED |

NOTES UNLESS OTHERWISE SPELIFIED

. ‘ ' SM-2A-265

)

Figure 3-2. Launch Escape System Schematic Diagram
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Table 3-3. Operational Characteristics of the Launch Escape Motor (Cont)

Functional nozzle throat diameters:

Both yaw axis nozzles 6.1 inches

+pitch axis nozzle 5.1 inches

-pitch axis nozzle 6.5 inches
Nozzle exit location plane Common outboard
Nozzle centerline cant 35 degrees 15 minutes
Angular deviation of resultant 2.75 degrees *15 minutes in
main thrust +7Z direction
Angle between nominal thrust 2 degrees, 45+15 minutes

and motor centerlines

Maximum resultant torque of 130 foot-pounds

self-induced roll from nozzle

misalignment

Thrust rise time 0 to 90 percent in 85+0.15 milliseconds

3-12. PITCH CONTROL MOTOR. (See figure 2-1.)

3-13, The pitch control motor is the primary passive thrust vector control device
inthe launch escape system; it provides the passive thrust to place the launch
escape vehicle in the correct flight attitude for a successful escape. The pitch
control motor is employed in unison with the launch escape motor. Firing the
pitch control motor causes the nose of the launch escape vehicle to pitch over
approximately 20 degrees; the operational characteristics of the motor are con-
tained in table 3-4.

3-14. LAUNCH ESCAPE TOWER JETTISON MOTOR. (See figure 2-1.)

3-15. The launch escape tower jettison motor operates in conjunction with the
tower release system to remove the expended launch escape system from the
vicinity of the command module. The tower is cleared from the command module
flight trajectory to preclude any interference with the earth landing sequence.
Passive thrust vector control in the form of offset exhaust nozzles provides a
trajectory that arcs slightly in the pitch-up direction. The operational character-
istics of the motor are contained in table 3-5,

1w o LIICT 111
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Table 3-4. Operational Characteristics of the Pitch Control Motor

Thrust 6,000 pounds
Duration 0.5 second

Propellant 14-point star grain polysulfide
: ammonium perchlorate formulation

Exhaust nozzle thrust angle 0 degree

Time required to reach 90 percent 60 milliseconds
of maximum thrust

Thrust axis mean motor centerline 0 degree *£30 minutes in all planes

Table 3-5. Operational Characteristics of the
Launch Escape Tower Jettison Motor

Thrust 33,000 pounds
Duration 1 second
Time required to reach 90 percent 75 to 125 milliseconds

of maximum thrust

Angles between resultant thrust axis
and motor:

Pitch plane 2 degrees, 30 minutes in the
+Z direction

Yaw plane 0 degree #30 minutes

3-16. TOWER SEQUENCERS. (See figure 2-1.)

3-17. The tower sequencer consists of four motor switches, two electrical con-
nectors, and associated wiring contained in a box type case. Each motor switch
has several sets of contacts and is operated by a small 28-volt d-c motor. The
motor moves the switch from the normally open to closed position before it is cut
off. It may be reset to the normally open position by GSE by reversing the motor,




SM2A-07

3-18. Switch K2 controls the launch escape motor squib circuits and the pitch
control motor squib circuits. A normally closed set of contacts protects the squibs
from spurious firing currents by forming closed loops of their firing circuits.
When switch K2 is operated by the LES motor fire signal from the launch escape
sequencer this set of contacts open and another set closes to permit 28 volt d-c
power from the LES pyro bus to reach the launch escape motor squibs and the pitch
control motor squibs to fire the motors.

3-19. Switch K1 controls the squib circuits for the tower jettison motor and the
escape tower pyrotechnic bolts. A normally closed set of contacts protects the
tower jettison motor squibs, and another set of contacts protects the pyrotechnic
bolt squibs by forming closed loops of their firing circuits. When switch K1 is
operated by the tower jettison motor signal from the launch escape sequencer,
these sets of contacts open and other sets close to permit 28 volt d-c power from
the tower jettison bus to reach the tower jettison motor squibs and escape tower
pyrotechnic bolt squibs to fire the bolts and motor.

3-20. Other signals transmitted by the sequencer include GSE, telemetry, escape
tower separation, and pyro bus arm.

3-21. LES SEQUENCE CONTROLLER. (See figures 2-7, 3-2, and 3-3.)

3-22. The LES sequence controller directs the timing and order of the electrically
initiated steps in the abort sequence. Complete redundance of the entire sequencing
network is provided for reliability. The sequencer is a standard switching logic
device employing time delay relays. Table 3-6 identifies sequencer outputs as to
time, function, controlling components, and output pin number.
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SECTION IV

EARTH LANDING SYSTEM

4-1. PURPOSE.

4-2. This prototype system, shown in figure 2-10, serves to qualify the basic
design and engineering concepts of the earth landing system to be used throughout
the Apollo program. The purpose of the production type earth landing system is
to land the Apollo spacecraft command module safely after normal entry or a
mission abort.

4-3. OPERATIONAL DESCRIPTION.

4-4. The boilerplate 12 earth landing system operates in a series of controlled
steps commencing during flight immediately following jettison of the launch

escape tower. Figure 4-1 is a functional block diagram showing the time sequence
of pertinent events, and table 4-1 contains a time history of these events.

Table 4-1. DBoilerplate 12 ELS Time History of Test Events

Time After Launch

(sec) Event
T + 44.5 Escape tower jettison
T + 47.5 Start recovery sequence controller.

Forward heat shield jettison.
Start 1.0 second time delay relay.
Start 5.0 second time delay relay.

T + 48.5 Drogue parachute deployed by mortar.
T + 83.5 Closure of 15,000 feet baroswitches.
Drogue parachute disconnect.

Pilot parachutes deployed by mortar.
Start 20.0 second time delay relay.

T + 87.5 Main parachutes inflated to reefed condition.

T +91.5 Main parachutes reefing lines cut.

o 4-1
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Table 4-1. Boilerplate 12 ELS Time History of Test Events (Cont)

Time After Launch
(sec) Event

T + 95.5 Main parachutes fully inflated.
Descent rate stabilized at 24 feet per second.

T +103.5 Arm impact switches.

T + 465 Command module impact.
Main parachutes released.

4-5. The sequence of events cannot be interchanged, speeded up, or delayed
in flight. The only variable is wind condition, which will effect the location of
the command module with respect to the launch pad. Table 4-2 contains the
flight parameters.

Table 4-2. WSMR Flight Parameters Under Vertical
Launch and No-wind Condition

Time After | Altitude Velocity | Flight Path
Launch Feet Range | Feet per Angle

Flight Sequence Seconds MSL Feet Second Degrees
Tower jettison T + 44.5 24,000 | 19,500 476 +2.4
Drogue chute deployment T + 48.5 23,800 | 21,200 371 -13.6
Main chute deployment T + 83.5 15,000 | 24,500 275 -90.0
Command module impact T + 465 4,000 25,000 24 -90.0

4-6. The earth landing system is initiated by a 28-volt dc signal received from
the launch escape system sequence controller after the launch escape tower has
been jettisoned. The earth landing sequence of events is controlled by the earth
landing system sequence controller. The forward heat shield is ejected three
seconds after ignition of the launch escape system jettison motor. One second
after forward heat shield jettison, the drogue parachute will be deployed to
position the command module in the proper attitude and provide initial descent

P I Fa ~ PR T L Vol 2ot ~wr ~ gy
deceleration for main parx achute depluymcut. When the command module has

L ) 4-3
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descended to 15,000 feet, the 15,000-feet baroswitches close, the drogue chute
is released, and three pilot parachutes are deployed. The pilot parachutes
extract the three main parachutes which are inflated in a reefed condition to
reduce the opening shock., After a 6 second time delay, the parachutes are
disreefed and fully inflated. The main parachutes slow the descent rate of the
command module to approximately 24 feet per second. The main parachutes
are automatically released from the command module upon earth impact.
Figures 4-2and4-3 are the earth landing system schematic and wiring diagrams,
respectively.

4-7. PARACHUTE SYSTEM. (See figures 2-10 and 4-1.)

4-8. The parachute system is used to decelerate the command module through

a series of controlled steps to a safe landing velocity. The parachute system
consists of the drogue parachute subsystem, the pilot parachute subsystem,

the main parachute pack assemblies, and the main cluster disconnect and harness
assemblies,

4-9. DROGUE PARACHUTE SUBSYSTEM. The drogue parachute assists the
free-falling command module in assuming its normal descending attitude, which
is blunt-end forward. This is the favorable attitude for main parachute deploy-
ment. A signal from the sequence controller fires the cartridges in the drogue
mortar. The mortar ejects the drogue parachute which is contained in a
protective deployment bag. The protective bag assists in parachute deployment
after ejection. The parachute is streamlined to the limit of the riser length
and inflated. The riser is of sufficient length to permit the parachute to clear
the airflow about the commmand module. The drogue parachute is released when
the command module descends to 15,000 feet altitude. A disconnect signal fires
the cartridge in the drogue parachute disconnect assembly when the 15,000-feet
baroswitches close.

4-10., PILOT PARACHUTE SUBSYSTEM., Each of the three pilot parachutes
deploy one of the main parachutes. The signal for deployment of the three pilot
parachutes is simultaneous with the drogue chute release signal. The cartridge
is fired in the pilot mortar to deploy the pilot chutes. The pilot chutes are
contained in protective bags to help in parachute deployment after ejection. The
parachutes are streamlined to the limit of their riser lengths and then inflated.
To deploy the main parachutes, a force is transmitted to the main parachute
pack assemblies through the connecting risers.

4-11. MAIN PARACHUTE PACK ASSEMBLIES. The main parachutes lower the
command module at an established rate of descent until earth impact; two of

the main parachutes are capable of maintaining a safe rate of descent. The
three main parachutes are simultaneously pulled clear of their protective bags
and streamlined to the limit of their riser lengths. The risers are of sufficient
length to clear the airflow about the command module. The initial opening of
the main parachutes is held in a reefed state for six seconds to reduce the force
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of the opening shock upon the connection to the command module. The parachutes
are fully opened when a timer initiates a cutting of the reefing restraints by a
pyrotechnic method. Two reefing line cutters are used on each of the main chute
reefing lines for redundancy. Arming is accomplished by pulling a pin when the
chutes are deployed to the reefed condition to start the reefing line cutter timer.

4-12. MAIN CLUSTER DISCONNECT AND HARNESS ASSEMBLIES. The main
cluster disconnect and harness assemblies provide a secure connection of the
main parachute risers to the structure of the command module. They sustain
the full weight of the command module during system operation. The main
cluster disconnect assembly connects the three main parachute risers to the
command module harness assembly. The harness attaches to the four parachute
attach fittings on the command module. The main parachutes are disconnected
at the main cluster disconnect pyrotechnically.

4-13. ELS SEQUENCE CONTROLLER. (See figures 2-10 and 4-2.)

4-14, The earth landing sequence controller contains time delay switches,
relays, and baroswitches necessary to properly sequence the deployment and
disconnect events of the earth landing sequence. The reliability of the controller,
and subsequently of the system, is greatly insured by the complete redundancy

of the entire sequencing network. Table 4-3 identifies sequencer function, time,
controlling components, and output pin numbers.

4-15. FORWARD HEAT SHIELD RELEASE SYSTEM. (See figures 2-10 and 4-2.)

4-16. The forward heat shield serves as a protective cover for the parachutes
and must be removed prior to parachute deployment. This is accomplished by
the heat shield release system, which ejects the forward heat shield from the
command module. The cartridges in the two gas generators are fired by the
electrical signals from the ELS sequence controller. The burning cartridges
ignite the gas generators, applying gas pressure to the ejector rods in the ejector
cylinders. The force transmitted to the heat shield is sufficient to part the
tension tie bolts and blow the heat shield clear of the command module.
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